Abstract: Artificial lipid bilayers are an essential tool to investigate channel forming proteins. A particular challenge is to study antibiotic uptake through bacterial porins requiring low volume and parallelization. Here, we present a lipid bilayer silicon chip having a Parylene-C coated silicon nitride membrane with different aperture sizes. The Parylene-C allows very fast lipid bilayer membrane fabrication, 30 to 130 s. The realization-success is very high and an average lifetime of at least 9 h was established. Furthermore, a 3D-printed holder is realized where parallel assembly of the chips, including fluid inlets for the pipetting robot, is demonstrated.
Introduction
A standard method to achieve a hydrophobic aperture in a Teflon foil for artificial bilayer measurements is by performing mechanical machining (such as punching mechanically) or by applying electrical sparks on the foil [1] . The result in a coarse aperture with a non-predictable diameter is not optimal for the lipid bilayer formation. For a quick and automated bilayer measurement, apertures with smooth hydrophobic surface and precise sizes are needed [2] . In this contribution, micro-apertures with different diameters were fabricated in a silicon nitride membrane and later coated with Parylene-C, a hydrophobic and biocompatible material to support artificial lipid bilayers.
The presented micro-aperture chip together with a 3D printed holder enables easy parallel chip mounting including fluidic accessibility to industrial grade pipetting robots for simultaneous bilayer analysis.
Materials and Methods

Lipid Bilayer Chip Fabrication
The bilayer chip was realized by standard microfabrication techniques. A double polished silicon wafer (380 µm thick) was utilized as base substrate. Photolithography and reactive ion etching steps were conducted to realize the membrane and aperture. KOH anisotropic etching was performed from the backside of the wafer to open the silicon nitride membrane (Figure 1a-c) . The adhesion promoter 3-trimethoxysilylpropyl methacrylate was used to improve the adhesion between the silicon nitride membrane and parylene-C coating. In Figure 1e , a membrane with a 70 µm aperture, coated with 10 µm of parylene-C, is depicted. After parylene deposition, the wafer was diced into 5 × 5 mm 2 chips (Figure 1f ). 
Designing and Printing the Parallel Bilayer Analysis Platform
A lipid bilayer analysis platform with four aperture chips was designed and realized for simultaneous investigations of ion transport through proteins located in synthetic lipid membranes. The 3D printed chip holder contains two separate parts with each four reservoirs (c.a. 40 µL), compatible with standard industrial pipetting robots. The mounting method for the bilayer chips is depicted in Figure 2a [3] . The chip is mounted in a chip slot located in a 3D printed holder (Part-1). In the holder, O-rings (4.30 × 3.20 × 0.55 mm) were used to ensure the sealing between the chip and chipholder. This platform allows easy replacement of the chips. The holder design was drawn in Autodesk Inventor 2018 software. After designing, the 3D holder platform was printed. In this work, a Micro HiRes (EnvisionTEC Inc., Dearborn, MI, USA) printer was used to fabricate the platform. The printing material was HTM140M, a high-resolution, high-temperature, low viscosity acrylic polymer resin. After printing, the constructed parts were cleaned with isopropanol and dried with nitrogen gas. Finally, the printed parts were placed in a UV flood chamber for five minutes to crosslink the remaining non-cured resin. A completed parallel platform with four bilayer chips is shown in Figure 2b . 
Results
The fabricated chips allowed very fast bilayer realization. After applying the lipid (DPhPC/Ndecane) on the aperture, successful formation of the lipid bilayer was always achieved within 130 s and sometimes already after 30 s. Figure 3 shows the formation of a stable bilayer in a chip with an 80 µm aperture, after 61 s. Here, a 1 molar NaCl buffer solution was pipetted at both sides of the membrane to conduct ion transport measurements. The measured bilayer capacitance was 21 pF. The average lifetime of a stable synthetic membrane in an 80 µm aperture chip was at least 9 h. The setup was placed in a petri dish covered with Parafilm to reduce buffer evaporation. Alternatively, the buffer evaporation can be further reduced by utilizing a syringe pump. In this contribution, chips with an aperture of 80 µm and 90 µm were used. Out of total nine trials, the bilayer was formed eight times, yielding 90% realization success. Here, for the chip with 80 µm aperture, the bilayer capacitance varied between 28 pF to 30 pF respectively whereas the chip with 90 µm aperture showed slightly higher bilayer capacitance between 32 pF to 36 pF.
In addition, to prove the functionality of the presented synthetic membrane setup, ion-channel activity through an outer membrane porin was successfully conducted. For this experiment, a chip with a 200 µm aperture was used. At a 150 mV holding potential, the resultant current change is 0.2 nA, resembling a single port opening enabling ion transport through the pore, see Figure 4 . The measured conductance of 1.3 nS was in accordance with published values [4] . 
Conclusions
We have demonstrated a 3D printed lipid bilayer platform with parylene-C coated silicon nitride apertures to perform ion transport investigations through porins fused into a synthetic membrane. The 3D printed platform allows easy replacement of the aperture chips. The synthetic membrane can be created very fast, between 30 and 130 s. The average lifetime of a stable bilayer is at least 9 h. Careful removing the excess protein using an automatic syringe pump improves the quality of the electrical recording. Moreover, to prove the ion channel activities in a 200 µm Parylene coated aperture, the outer membrane porin (OmpF) could be successfully integrated in the bilayer and displayed its characteristic electrical fingerprint.
